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Presented at the July 2006 conference of the Islamic Medical
Association of North America in Beijing, China. S tem cell research is a relatively new field of medicine that has great promise but has led to confrontation with established religious and moral values. It already has generated heated debate regarding the boundaries of scientific research that it should not cross. 1, 2 In this paper I will explain, in the most basic terms, what stem cell research is, what its goals are, and when it may conflict with religious and moral values. I then will discuss the ethical principles that may guide us in establishing a balance and the positions of various religions, specifically Islam.
W Wh ha at t a ar re e S St te em m C Ce el ll ls s? ?
Stems cells are simply the "original" cells from which all 210 different kinds of cells that make the human body develop. 3 They can be classified into: (Figure 1 ).
Stem cells are also present in adult tissues and organs in small numbers with a limited potential of self-renewal. They may be able to replace lost or damaged cells. It is unknown to what extent they may (or be made to) transdifferentiate into cells of other lineage. They have been found in the brain, eye, bone marrow, peripheral blood, skin, liver, etc. They are also in the umbilical cord blood. 4 E Em mb br ry yo on ni ic c S St te em m C Ce el ll ls s Most ongoing research has been utilizing embryonic stem cells (ESCs), which are derived from the embryonic inner cell mass and kept growing in tissue culture (Figure 2 ). Most studies were made on murine ESCs, but there also has been great demand for human ESCs (hESCs) because they are believed to be much more promising in the search for cures of F Fi ig gu ur re e 1 1. . S St te em m c ce el ll l h hi ie er ra ar rc ch hy y. . Z Zy yg go ot te e a an nd d e ea ar rl ly y c ce el ll l d di iv vi is si io on n s st ta ag ge es s ( (b bl la as st to om me er re es s) ) t to o t th he e m mo or ru ul la a s st ta ag ge e a ar re e d de ef fi in ne ed d a as s t to ot ti ip po ot te en nt t b be ec ca au us se e t th he ey y c ca an n g ge en ne er ra at te e a a c co om mp pl le ex x o or rg ga an ni is sm m. . A At t t th he e b bl la as st to oc cy ys st t s st ta ag ge e, , o on nl ly y t th he e c ce el ll ls s o of f t th he e i in nn ne er r c ce el ll l m ma as ss s ( (I IC CM M) ) r re et ta ai in n t th he e c ca ap pa ac ci it ty y t to o b bu ui il ld d u up p a al ll l t th hr re ee e p pr ri im ma ar ry y g ge er rm m l la ay ye er rs s, , t th he e e en nd do o--d de er rm m, , m me es so od de er rm m, , a an nd d e ec ct to od de er rm m, , a as s w we el ll l a as s t th he e p pr ri i--m mo or rd di ia al l g ge er rm m c ce el ll ls s ( (P PG GC C) ), , t th he e f fo ou un nd de er r c ce el ll ls s o of f m ma al le e a an nd d f fe em ma al le e g ga am me et te es s. . I In n a ad du ul lt t t ti is ss su ue es s, , m mu ul lt ti ip po ot te en nt t s st te em m a an nd d p pr ro og ge en ni it to or r c ce el ll ls s e ex xi is st t i in n t ti is ss su ue es s a an nd d o or rg ga an ns s t to o r re ep pl la ac ce e l lo os st t o or r i in nj ju ur re ed d c ce el ll ls s. . A At t p pr re es se en nt t, , i it t i is s n no ot t k kn no ow wn n t to o w wh ha at t e ex xt te en nt t a ad du ul lt t s st te em m c ce el ll ls s m ma ay y a al ls so o d de ev ve el lo op p ( (t tr ra an ns sd di if ff fe er re en nt ti ia at te e) ) i in nt to o c ce el ll ls s o of f o ot th he er r l li in ne ea ag g--e es s o or r w wh ha at t f fa ac ct to or rs s c co ou ul ld d e en nh ha an nc ce e t th he ei ir r d di if ff fe er re en nt ti ia a--t ti io on n c ca ap pa ab bi il li it ty y ( human disease. Human embryos have been created by in vitro fertilization (IVF) specifically for stem cell research, but more commonly human embryos used for stem cell research were supernumerary embryos left over from IVF done for reproductive purposes and donated by the couples concerned. Attempts also have been made to use spontaneously aborted fetuses but mostly these cells fail to grow in culture. Also, cloned embryos have been developed through the procedure of somatic cell nuclear transfer (SCNT), which is sometimes called therapeutic cloning, a procedure that will be discussed later. 1 R Re ea al li iz ze ed d a an nd d P Po ot te en nt ti ia al l B Be en ne ef fi it ts s o of f S St te em m C Ce el ll l R Re es se ea ar rc ch h There have been realized benefits of stem cell research, the best known of which is the successful treatment of leukemia and many other hematologic disorders by bone marrow transplants and, more recently, by using umbilical cord blood stem cells. However, the real promise of stem cell research is the potential development of a new field of "regenerative medicine," 5 which aims at growing tailormade human tissues or organs to be used to colonize or to replace damaged tissues/organs to recover their lost function. Progenitor cells have been developed that can be made to differentiate into myocardial cells, neurons, and pancreatic as well as other types of cells ( Figure 3 ). These cells can potentially be used to treat Parkinson's disease, Alzheimer's disease, and patients with spinal cord injuries. It is speculated that they will also be used in the treatment of type 1 diabetes, myocardial infarction as well as other conditions. I will mention just a few examples of such studies. Dopaminergic cells generated from primate embryonic stem cells were transplanted into monkeys with MPTP-induced Parkinson's-like disease. These transplanted cells attenuated the neurological symptoms. 6 Laminectomized mice received contusion spinal cord injury. Human CNS stem cells were transplanted to an adjacent region. These CNS SC transplants promoted locomotor receovery. 7 Wistar rats were randomized into control myocardial infarction (MI), MI plus transplanted cord blood stem cells, and sham groups. Cord blood transplants increased mRNA expression of vascular endothelial growth factor and promoted a higher level of angiogenesis in the infarct zones. Echocardiography demonstrated improved left ventricular function in the treatment group compared to MI controls. 8 There is a growing number of clinical trials investigating the use of stem cells to treat heart conditions. There were 57 such trials from 2000-2005 and 87 in 2006 alone. 9 It is to be emphasized, however, that these potential benefits and the prospect of stem cell therapy are still a long way from being a part of clinical practice.
Another important potential benefit is in the field of pharmacology. 3 ESCs can be used to identify new molecular targets for drug therapy and thus facilitate the development of novel drugs. Also, research can be directed to test the safety of drugs and to predict their potential toxicity in vitro (culture) and reduce the need for animal testing in pharmacotoxicology. Of special importance is its use in the field of embryotoxicology. 3 It can be used to identify the primary molecular mechanisms responsible for the teratogenic effect of drugs. For example, thalidomide was found to inhibit angiogenesis by the generation of hydroxyl radicals. When testing med- ications in growing cultures of ESCs becomes practical, it will eliminate the need for the use of experimental animals, which has been plagued by the problem of interspecies variation. P Po ot te en nt ti ia al l P Pr ro ob bl le em ms s w wi it th h S St te em m C Ce el ll l--B Ba as se ed d T Th he er ra ap pi ie es s Approximately one genetic mutation occurs with each cell division. 3 The multitude of cell divisions that will have to be part of the process of stem cell-based therapies may add up to significant genetic mutations that may cause serious health problems. In addition, epigenetic modifications such as DNA mutation may also occur. Another serious consideration is that the stem cells are programmed to divide, and, if this division continues uncontrolled, it may lead to tumorigenesis. Also, implanted ESCs are going to be immunogenic, and graft rejection is possible.
Scientists are cognizant of these complications and realize that, along with the pursuit of stem cell research applications for therapy, strategies to produce techniques that enhance the possibility of reversibility should be developed as well before stem cell research enters into the clinical realm. 3 So at this stage it behooves scientists, while emphasizing potential benefits of stem cell therapy, not to exaggerate these benefits. 10 S So om ma at ti ic c C Ce el ll l N Nu uc cl le ea ar r T Tr ra an ns sf fe er r ( (S SC CN NT T) )
In this procedure, 3 a somatic cell is obtained (by biopsy) from an individual. A human oocyte is obtained from an egg donor. The oocyte is enucleated and then fused with the biopsied cell, transferring its nucleus to the new cell, which is then induced to develop into an embryo in a process akin to that used in cloning, and hence the name therapeutic cloning. As the blastocyst forms, the inner cell mass is isolated and cultivated to produce ESCs, which are then induced to differentiate into various cell types, eventually producing a tissue to be used as an autologous tissue graft to the original person from whom the somatic cell was obtained (Figure 4) . If the procedure is successful, it can be used to clinically derive the somatic cell from a diabetic patient, for example, and generate pancreatic cells to be transplanted in that person. If they function properly, the person will be cured of diabetes. The new transplanted pancreatic tissue will have the sick person's DNA and antigens. There will be no need for immunosuppression. There will be no danger of organ/tissue rejection.
Additional potential benefits of this technology are the ability to study the pathogenesis of genetic disease. The procedure allows the production of hESCs from predefined individuals with the specific genetic diseases to be studied. It has the potential to allow for the study of methods to correct the genetic defect in the pluripotent stem cells. These cells can then be transplanted into experimental animals to test whether such gene correction precluded disease development. This can ultimately lead to the possibil-
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Another major advantage is that it does not raise the ethical objection that is intrinsic to the use of hESCs.
At least 60 mls of UCB are collected at delivery. Stem cells are separated and cryopreserved. Cryopreserved stem cells can survive for at least 15 years. Autologous use is possible, except for inborn errors of metabolism and many types of leukemia. However, it can be used even for these conditions for siblings and or parents. Cord blood transplanting has been successful in the treatment of many hematologic, immunologic, metabolic, and oncologic diseases. 11 Its use is rapidly expanding into new areas including regenerative medicine e.g. the treatment of diabetes. 12 For more details and information about newer clinical applications, see Young (2006). 13 
U Us se e o of f A Ad du ul lt t S St te em m C Ce el ll ls s i in n T
Th he er ra ap py y As mentioned earlier, few stem cells are found in many adult tissues. Hematopoeitic stem cells from bone marrow were coaxed to differentiate into neural, myogenic, and hepatic cell types. 13 Neural and skeletal muscle cells were coaxed to develop into hematopoeitic cells. Stromal stem cells were coaxed to develop into cardiac myocytes. Mensencymal stem cells were made to develop into adipocytic, chondrocytic, or osteocytic lineages. The main advantage of ASCs is that they will not provoke immune system rejection and that they should not become cancerous, in addition to the fact that their use does not raise serious ethical or moral objections. On the other hand, the transdifferentiation potential for most ASCs is probably limited compared to the unlimited transdifferentiation potential of the pluripotent hESCs. Further, ASCs 1,2 are rare compared to the abundant hESCs that can be obtained, and ASCs are hard to grow in vitro. 4 
E Et th hi ic ca al l C Co on ns si id de er ra at ti io on ns s
From what has been discussed so far, the use of hESCs holds the greatest promise. At the same time, it is the one that has created the greatest controver-
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sy. Because of the use of human embryos and the objection of many in the religious/ethical communities, politics has been introduced into the realm of this scientific endeavor to an unprecedented extent in the form of legislation, presidential executive orders, and the single presidential veto so far. Embryonic stem cell research brings into conflict two moral principles:
1. The duty to respect human life. 2. The duty to reduce human suffering.
The dilemma is whether we as a society can agree on which of these two principles ought to be given precedence or if we agree that there is a time in the development of the embryo that it cannot be considered "human" and worthy of the "full" protection accorded a fetus or a live born infant.
The question then revolves on determining the moral status of the human embryo. 1, 14 There are three positions:
1. The fertilized egg (zygote) has a full moral status. 15 
While the fertilized egg has a moral status, it
becomes deserving of protection only at a later stage. The moral status increases as the fertilized egg becomes more human-like. 16 3. The embryo has no moral status at all; it is an organic material with a status no different from any other body part. 14, 17 Those who believe that the fertilized egg has a full moral status argue that there is no nonarbitrary point or morally significant dividing line in the continuum of physical growth between an embryo and a developed human. Therefore, the human embryo is a potential person from the time of fertilization. Their point is that while it is true that an embryo does not exhibit the properties of personhood, it will if allowed to develop and fulfill its potential. 18, 19 The proponents of the second opinion agree that the fertilized egg is potentially a person but they argue that there are degrees of value of a life depending on the stage of this life. Consequently, there are degrees of respect that ought to be shown to that life. They define these following stages: a) fertilization to implantation at the 6th day, b) from the 6th day (implantation) to the appearance of the primitive streak at the end of the second week, and c) viability, which has traditionally been set at 24 weeks. They argue that the rights of the human embryo/fetus increase as it goes from one of these stages to the next.
The last group states that the embryo has no moral status. It argues that fertilized human eggs/embryos are merely parts of other peoples' bodies. They claim that for a "being" to be destroyed that being should have an interest that is defeated. They further argue that for a being to have an "interest" this being must have beliefs, desires, expectations, aims, and purposes and that the embryo has none of these. 20 I believe that this position is extreme and can not be accepted on a moral/ethical ground. It denies that this being is a new creation of God.
Many ethicists have taken a reasonable middle ground view. They point out that before implantation (6-7 days after fertilization), the blastocysts can not grow independently. They thus argue that a stage in the development of the embryo ending at the second week (after fertilization), at which time the primitive streak appears, can be defined. The primitive streak defines the head-tail and right-left orientation of the embryo and along which the major tissues and organs begin to develop. This stage has been called the pre-embryo. The pre-embryo has no nervous system and cannot be considered sensate. 21 Also, at the end of the second week there is no more possibility of twinning. 19 At that time, the preembryo becomes an embryo and acquires a unique personhood. In this view, the early human embryo has an "intermediate" moral status. Thus, the preembryo and, particularly before implantation, the blastocyst can be used for experimentation i.e. stem cell research. However, special respect needs to be given by limiting their use to important human purposes, establishing guidelines for the research, and developing procedures to ensure that these guidelines are followed.
Proponents of this view support their argument with the observation that in natural reproduction, many fertilized eggs either stop developing or fail to implant and are "lost". We as a society do not grieve the natural loss of these fertilized eggs the same way we grieve the death of an infant. Therefore, we should not be too concerned about the loss of some embryos in the process of stem cell research. 18 Further, IVF procedures generate many embryos which are found to be "nonviable" and will be discarded. These instead could be used for research. 13 U Us se e o of f H Hu um ma an n E Em mb br ry yo os s f fo or r S St te em m C Ce el ll l R Re es se ea ar rc ch h The most widely available source is the supernumerary fertilized eggs produced during the course of IVF procedures. These are commonly cryopreserved for possible future use by the couples who produced them, but often they are never used and can be an adequate source for stem cell research. However, obtaining stem cell lines from fresh human embryos is more efficient than from cryopreserved embryos. It is estimated that only 10% of frozen embryos can be induced to develop into blastocysts. 22 Thus, the use of fresh zygotes/embryos is more attractive. Fresh nonviable fertilized eggs produced during IVF procedures or fertilized eggs produced during IVF procedures performed for preimplantation genetic diagnosis could be another source. Some have advocated asking the couples undergoing IVF for fertility to donate some of the fresh viable fertilized eggs for research instead of having them cryopreserved for possible future use. Clearly this may reduce the chance of a successful pregnancy and increase the risk of going through additional cycles of IVF to achieve a pregnancy instead of using already cryopreserved fertilized eggs from a previous IVF cycle. However, ethicists agree that it will be permissible to approach these couples with the idea of donating some of the excess fertilized eggs so they are not deprived of the chance to contribute to science if they choose to do so. Detailed and comprehensive counseling should be provided in these cases, and a consent form signed by the couple should be thorough. On the other hand, in some institutions, physicians do not mention the possibility of donating embryos for that purpose until a couple indicates a wish to discard their remaining embryos. As a precaution it is suggested that decisions to donate embryos in infertility clinics should not be influenced by stem cell scientists. 22 E Et th hi ic ca al l C Co on ns si id de er ra at ti io on ns s w wi it th h S So om ma at ti ic c C Ce el ll l N Nu uc cl le ea ar r T Tr ra an ns sf fe er r ( (S SC CN NT T) )
The misconception that SCNT is reproductive cloning is the result of it being called "therapeutic cloning" in the popular nomenclature. SCNT is not reproductive cloning. Its opponents argue that this is a first step along a slippery slope that would conclude with reproductive cloning. Realistically, SCNT success will not make reproductive cloning more likely. Embryos produced by SCNT have little if any potential of developing to the point of being born alive. 1 It is true that the cloned embryos are produced for research, but the eventual aim is to use them for therapy.
Another ethical concern is the source of the donated human eggs (ova) used for SCNT. These need to be donated by healthy women. The concern is that for this research to continue there will be a surge in the need for donor women, and this will substantially increase if SCNT is developed -as it is hoped -into a therapeutic modality with the concern that there will be the potential for exploitation of women in order to satisfy the increasing demand for human eggs. 1, 22 Egg donation involves the use of hormones to stimulate egg production and an invasive procedure to retrieve the eggs. Donors are usually compensated. Compensation is generally permissible to substitute for lost wages, expenses for the procedure, and the inconvenience caused by possible side effects from the use of hormones to cause superovulation with the major risk, though rare, of ovarian hyperstimulation in addition to the inconvenience of the invasive procedures. 1, 22 The question is how much these are worth and would money be the reason for volunteering or would it be pure altruism. The average compensation now is $6,000 per cycle but probably this amount will increase as the demand increases. In any case, a thorough informed consent must be obtained. 22 To summarize the previous discussion "Ethical Considerations", one can say that while there is no dispute that the ability to treat serious disease is a great good, it must also be recognized that not all means of achieving a desired good are morally and ethically justifiable. R Re el li ig gi io on n a an nd d S St te em m C Ce el ll l R Re es se ea ar rc ch h The United States of America is a secular state, yet religion and religious values play an important role in how individuals view the different issues particularly moral and ethical issues and their views become reflected in the politicians' attitudes and opinions and this is further reflected in governmental policies. Therefore, a discussion of stem cell research and its ethical implications cannot be complete without discussing the religious viewpoints. I will limit this discussion to Christianity, Judaism, and Islam, although I believe other religions and sects have views as well. 14 C Ch hr ri is st ti ia an ni it ty y Broadly speaking, Catholic, Orthodox (Greek/Coptic), and conservative Protestant churches have similar views on this topic. They believe that the human embryo is an individual from the moment of fertilization and that it has the right to its own life. They further believe that every intervention not in favor of the embryo is a violation of its right and that no good end justifies the destruction of an embryo. 23, 24 On the other hand, for a lack of a better term, less conservative Protestant churches teach that the embryo has a potential human status, but the life of the embryo has to be weighed against the possible benefit that may result from scientific research. They believe that while the life of an embryo is sacred from the time of fertilization, embryo research may be permitted prior to the primitive streak stage. 14 
J Ju ud da ai is sm m
Judaism is also nonmonolithic. The main groups of Judaism are Orthodox, conservative, and reform. Broadly speaking, there are some principles in Judaism that pertain to this discussion.
1. Healing is a required obligation. 25 2. Any activity that contributes to advancement in the world cannot be considered contradicting God's orders. 26 3. God is the one who gave us the power to create new technology, and then we can use it. 16 4. Each activity that has no reason to be prohibited is permitted without having to find a reason for its permissibility. 26 5. The human fetus < 40 days of age and certainly the preimplantation embryo do not have full human status. 27 I Is sl la am m Islam is usually defined as submission to Allah's (God) will ‫.ﷻ‬ Mus lims believe that Is lam controls their actions in material as well as s piritual matters. Is lam is commonly des cribed as a way of life. S o, a Mus lim in performing any act s hould as k hims elf whether this act is permis s ible. O ne has to find if there is a Q uranic injunction on that matter and if not, one has to find out if there is a ḥadῑth (saying) of Prophet Muhammad ‫ﷺ‬ and if not, one has to res ort to the opinion of fuqahā' (Islamic legal scholars) who use ijtihād (independent judgment) and have made a concerted effort to come up with a new ruling. 28 The most important consideration in the topic under discussion is when life starts. There is no specific definition of the beginning of life either in the Quran or the ḥadῑth collections. It is generally agreed that ensoulment, the breathing of Allah's rūḥ (spirit) into the fetus, differentiates biological life, which starts at the time of fertilization, from human life. 29 There is a difference of opinion between scholars as to whether ensoulment occurs at 40 or 120 days, [29] [30] [31] depending on different interpretations of a ḥadῑth narrated on the authority of Ibn Mas`ūd. 32 All scholars agree that embryonic life is entitled to respect even before ensoulment but becomes more so after it occurs. 33 Four Islamic principles may apply to stem cell research:
1. Islam has always encouraged men to contemplate and explore new horizons. 34 It is permissible to acquire, grow and use stem cells for therapy or scientific research as long as the cells' sources are permissible. Examples of permissible sources are adults who consent as long as it does not inflict harm on them, children whose guardians consent for a legal benefit without inflicting harm on the children, placenta or umbilical cord blood with the permission of the parents, spontaneously aborted embryos or those aborted for a legally acceptable cause and with the permission of the parents, and excess fertilized eggs produced during the course of IVF and donated by the parents with assurance that they are not to be used to produce an illegal pregnancy. It is forbidden to obtain or use stem cells if its source is forbidden. Examples of this include fetuses intentionally aborted without a legal medical reason, intentional fertilization between a donated ovum and sperm, and therapeutic cloning. 38 This last point is unclear. Although it seems to prohibit therapeutic cloning completely, it may be that the prohibition is meant to be if it is just used to create an embryo to be a stem cell donor or in the context of "reproductive" cloning. This probably does not apply to the actual SCNT to generate a tissue that will be transplanted in the donor of the somatic cell or to diagnose and study treatment of a genetic disease in that donor.
Abdulaziz Sachedina, a Muslim professor of religious studies at the University of Virginia, stated "Research on stem cells made possible by biotechnical intervention is regarded as an act of faith in the ultimate will of God as the Giver of all life as long as such an intervention is undertaken with the purpose of improving human health." 39 There has been several published reports on the Islamic perspective of stem cell research by both non-Muslims 14, 16 and Muslims. These authors conclude that Islam permits stem cell research in principle. The latter authors report that the Islamic Republic of Iran is one of the first countries that has produced hESCs. 41 The Islamic position on stem cell research can be outlined as follows:
1. In principle stem cell research is acceptable due to its therapeutic potential. 2. Fertilized eggs before implantation are not considered fully human because without implantation they cannot survive and develop into a human being. 3. The supernumerary embryos produced during IVF can not be donated to other couples, and if they will not be used by the same couple, they will have to be destroyed or left to die. Using them for stem cell research is then -at a minimum -acceptable and may even be preferable to their destruction. 4. Islamic scholars agree that creating human embryos for the sole purpose of research is prohibited.
S St ta at tu us s o of f H Hu um ma an n E Em mb br ry yo on ni ic c S St te em m C Ce el ll l R Re es se ea ar rc ch h i in n t th he e U Un ni it te ed d S St ta at te es s President Bush, by an executive order, allowed human embryonic stem cell research to continue on cell lines created before August 9, 2001. 5 The order prevented any funding for subsequent hESC production or SCNT stem cell production. At that time, there were probably 60-70 such lines and only 22 of them could be propagated in culture. However, these cell lines were not found to be useful for therapies because they were potentially contaminated with pathogens from mouse cells. 43 There are currently approximately 400,000 cryopreserved human preembryos in storage that are not to be used for reproduction but can be used for research. 44 However, the Federal prohibition significantly limits their use. The U.S. Congress passed a bill that would allow federal grant support for stem cell research, but President Bush vetoed that bill in July 2006, and the U.S. House of Representatives failed to override the veto. 45 Several states have bills under consideration or have passed bills regarding stem cell research. For a more detailed discussion of the status of hESC research in the different states, see Weissman (2005) 5 and Okie (2005). 22 Klimanskaya et al 46 were able to develop hESC lines by using only one blastomere, allowing the embryo to continue developing. They used a procedure akin to that used in preimplantation genetic diagnosis (PGD). Numerous reports show that the survival rate of embryos with one blastomere removed is unaffected and that the subsequent development and chances of implantation are the same for both normal embryos and those biopsied for PGD. By avoiding the death of the embryo, the technique might obviate the principle concern of opponents to stem cell research. So far, this technique has had no effect on the ongoing debate. 46 
